This paper investigates the interest rate pass-through in eight European countries analyzing their short-run and long-run monetary transmission mechanisms. We investigate the relationship between the Euribor and the long-run interest rate on loans to non-financial corporations and allow for a mark-up which can be affected by country specific funding conditions and/or stochastic structural breaks. We detect significant differences across countries. Cointegration between the Euribor and the long-term bank loan interest rates holds for Germany, France, and the Netherlands, where banks seem to apply a constant mark-up. In the remaining countries of the sample the long-run pass-through is directly affected by changes in banks' cost of funding, due to shifts in the spread between domestic and German long-term government bond interest rates.
Introduction
The creation of the European Monetary Union has prompted a renewed interest for the pass-through mechanism. A proper understanding of the monetary policy transmission process, i.e. of how changes in the policy rate bring about corresponding shifts in the interest rates set by banks, is of great significance in the case of the Euro Area, where different national banking systems interact with a single common central bank. The recent financial crisis, compounded by the subsequent sovereign debt crisis, has struck the European monetary system in its infancy and has altered the newly established pass-through channels. Our research focuses on the importance of the distortion due to banking fragmentation in the transmission of a common monetary policy.
A burgeoning literature attempts to investigate the working of the passthrough during a crisis, using both linear and non-linear procedures.
These studies usually analyze the impact of interest rate volatility changes on the transmission mechanism and identify regime shifts that are associated with them (see, e.g. Humala, 2005, among 
others).
This paper goes further and directly takes into account the impact of the sovereign debt crisis on the short/long-run monetary policy transmission mechanism by introducing, as transition variables in the non-linear shortrun parameterization, various indicators of financial stress which may differ from country to country. We deal with the interest rate setting of national banks which could transfer the common monetary policy across the Euro Area in a heterogeneous way. Indeed, different reactions, both in terms of degree and of speed of adjustment, could distort the desired effect of the monetary stance. Finally, to test the efficacy of a single monetary policy for such a diverse sample of countries, the fitted national loan interest rate shifts are associated to the corresponding industrial production rates of change. It turns out that the heterogeneous behavior of the former is not fully explained by the lack of synchronization of the national business cycles, especially in the second half of the sample. As for the counter-cyclical effort, the ECB does not seem to have been very successful during the hectic years of the financial crisis. This is not to say that the ECB was not reading the economic context correctly but that the majority of the national banking systems were hindering, for various reasons, the proper pass-through of the expansionary monetary policy to the real economy.
Only in the case of Germany, is the simulated change in the loan interest rate negatively correlated with the industrial production rate of change.
The paper is structured as follows: Section 1 discusses the tenets of the pass-through model and of the related literature; Section 2 investigates the properties of the data in a sample period deeply affected by the financial crisis; Section 3 investigates how the monetary policy impinges on bank lending rates; Section 4 focuses on the impact of banks' interest rate settings, associated with a common ECB monetary policy, on industrial output behavior. Section 5 concludes the paper. The pass-through model deals with two concurrent transmission mechanisms. The first one refers to the impact of changes in the monetary policy rate across the yield curve, i.e. the term structure of interest rates. The second mechanism addresses the effects of changes in market rates on shifts in bank deposit and lending rates. This is loosely based on the Klein-Monti monopolistic bank model, in which the lending rate is determined as a mark-up on a marginal cost quantified by the market rate at which funds can be obtained.
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Most empirical studies focus on the extent to which shifts on monetary interest rates are transmitted to bank lending rates (i.e. the extent of the pass-through), and with the speed of this transmission process.
Two main strands can be distinguished according to the selection of the exogenous market rate. The "cost of funds version" posits a connection between bank lending/deposit rates and market rates of comparable maturity, the latter being selected in order to account for the marginal cost considerations that may affect the price setting behavior of banks (see Sander and Kleimeier, 2004, and De Bondt, 2005 , among others). In the "monetary policy version", under the assumption of a stable yield curve, the short-term money market rate is used to gauge the passthrough to bank interest rates (see Belke et al., 2013 , and the studies quoted therein).
Several papers analyze this theme, either in a single country context (Coffinet, 2005, and Chionis and Leon, 2006, among others) or in a multiple country one (De Bondt, 2005 , Ègert et al., 2006 , among many others), typically using single or multiple equation autoregression/error correction models to quantify the short-run dynamics of the interest rates.
A stylized finding, common to most studies, is that the pass-through tends to be incomplete as bank interest rates are sticky, in the short-run, and tend to be higher or even complete in the long-run.
Another strand of research focuses on micro bank data and employs panel techniques to examine the interest rate policies of banks in individual countries (see e.g. Weth, 2002, and Gambacorta, 2008) . Differences in the degree of pass-through can also be attributed to factors -discussed in the analysis of banks' interest margins by Ho and Saunders (1981) and Maudos and de Guevara (2004) -that are mostly related to idiosyncratic characteristics of the national banking systems. Among these, bank competition and ownership, rigidities and size of the operating costs, dimension and rating of the public debt, and finally differences in supervisory approaches as supervisory fragmentation may affect the transmission via the credit channel (ECB 2012, chart 34, p. 50 ).
The literature also spans different time periods and data sources. Studies based on data that precede the introduction of the Euro, as Mojon (2000) , tend to conclude that the degree and speed of pass-through differ considerably across countries, especially in the short-run, and find scattered evidence of a full pass-through in the long-run. Sørensen and Werner (2006) , among others, detect a partial reduction in pass-through heterogeneity in the first years of the Euro. The process of convergence, as pointed out by Blot and Labondance (2011) and Illes and Lombardi (2013) , was interrupted by the financial crisis.
This crisis has been characterized by bouts of severe financial turbulence and by events of liquidity shortage which introduce non-linearities in the data. They have to be accounted for in the parameterization of the pass-through dynamics to avoid model misspecification. Some studies rely on a split sample estimation which is assumed to coincide with the breakpoints of the interest rate time series under investigation (see Panagopoulos and Spiliotis, 2012) . More recently, Aristei and Gallo (2014) follow Humala (2005) , and analyze the stochastic nature of the pass-through regime shifts brought about by the Euro Area financial crisis with the help of the two-stage Markov-switching VECM procedure of Krolzig (1997) .
A model of non linear pass-through.
The price setting reaction of banks reads as follows (1) and are, respectively, a bank lending rate and a monetary policy rate.
is an additional factor which may impact on the bank retail rates, depending upon the economic context. provides a measure of a constant bank mark-up and quantifies the pass-through. It is assumed that , the pass-through being complete only if . If , banks do not transfer the entire market interest rate shift on their retail rates for various reasons, which range from market power, switching costs and loan/deposit markets liquidity. It is assumed that , , whilst no a priori assumption is made on the sign of .
If, as is the case in this paper, the variables entering equation (1) 
where is the lagged residual of the cointegration relationship (1), the coefficients quantify the short-run pass-through dynamics and , the error correction term, measures the speed of adjustment of banking rates to the long-run equilibrium.
The pass-through dynamics, in order to avoid substantial model misspecification, has to account for non-linearities in the data. We model stochastic regime switches using the LSTAR/ESTAR procedure of Granger and Teräsvirta (1993) . The error correction equation used to parameterize the non-linear short-run pass-through reads as follows 2
is the smooth transition function, which drives the motion from one regime to the other.
It is assumed that (4) in the case of a LSTAR model and
in the case of an ESTAR parameterization. is the transition variable associated with the regime switching process, is the estimated threshold value, and denotes the speed and the smoothness of the transition from one regime to the other.
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The delay, d, with which 's crossing of the threshold brings about a regime shift is assessed empirically and depends upon the structural characteristics of the national banking systems. At any point in time, the dependent variable is generated by a combination of both regimes.
2 The selection of this parameterization is justified, according to Teräsvirta (1994) , by the plurality of the economic agents that are involved in the decision process. Even if a single investor takes a dichotomous decision, it is unlikely that all agents act simultaneously.
Since the interest rate time series provide information on the aggregate decision process only, the regime shift will be smooth rather than discrete. 3 The larger is the stronger is the synchronization of banks' reaction to Euribor changes.
In the case of the LSTAR model, if is large and positive, will tend to 1 and the weighted coefficients will be close in value to those of regime 2;
if is large and negative, will tend to 0 and the weighted coefficients will be similar to the coefficients of regime 1. If , and the weighted coefficients will be the arithmetic average of the coefficients of both regimes. In the case of the ESTAR model if , and the weighted coefficients will be equal to the coefficients of regime 1, whereas, for values of that differ from , and the weighted coefficients will be a combination of the coefficients of both regimes, the weight of the coefficients of regime 2 growing will the increase in the divergence between and .
In the stochastic regime shift studies quoted in the previous section, the regimes are typically associated with differing levels of interest rate volatility, which are assumed to model differing pass-through policies in normal versus turbulent market contexts. The approach introduced in this paper is more general and investigates alternative potential sources of regime shifts during the recent financial crisis. The behavior of banks, in countries where financial distress is linked to the Lehman Bank collapse, differs from the reaction of banks in the periphery countries, which are severely affected by the sovereign bond sell offs initiated in Greece.
We have tested, for each national banking system, alternative potential transition variables. ranges from the Euribor monthly volatility, to the change in the VXO index, and to the change in the spread between the national long-term government bond and the corresponding German
bond. An additional dimension is added in this way to the identification process of the stochastic regime shifts of the short-term pass-through.
Preliminary statistical analysis
2.1 Monetary policy in Europe across a stormy decade. In the sixth phase, additional key interest rate cuts and other monetary expansion measures were adopted to cope with the destabilizing effects of the sovereign debt crises.
The data
This study uses monthly purely harmonized data from the ECB MFI interest rate data base for eight EMU countries: Germany, France, Greece, Ireland, Italy, the Netherlands, Spain, Portugal. Bank interest rates are applied to new loans to non-financial corporations with maturity over 5 years. Long-term (10 years) government bond interest rates are used to compute spreads between national and German rates. The monthly VXO is the S&P100 implied volatility index and comes from the CBOE whereas the industrial production index is taken from the OECD data base.
The analysis ranges from January 2003, which corresponds to the beginning of the MFI interest rate statistics, to March 2013. We use the 3 month Euribor as money market rate and as proxy of the stance of monetary policy. The official interest rate cannot be used directly, since the ECB interest rate on refinancing operation (MRO) changes only when the ECB modifies it.
In the literature some researchers use the Eonia, as they assume that it reflects relatively well official rate decisions, is closer to the MRO, and is less related to liquidity issues. Our decision to use the Euribor is due to the fact that it influences the monetary policy transmission by incorporating the expectation of short-run interest rate changes (Abbassi and Linzert, 2012) . Moreover, the Euribor is used as the basis of most of the floating rate loans and represents a good indicator of the cost of money for the real economy. This rate is also important since, in theory, it measures the cost of interbank funding and depends on the expectation of bank solvency.
Both the interest rate and spread time series are I(1). Since the graphs in figure 1 suggest that the time series may be affected by structural breaks, with subsequent reduction in the power of the standard unit root tests, we use the Strazicich (2003, 2004) 
Non-linear pass-through model estimates
To answer our research question we consider the relationship between the policy interest rate and the interest rate set by banks on loans to nonfinancial corporations. We implement, for each country, a two stage estimation procedure which builds on Krolzig (1997) .
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At first, the long-run co-movement of the time series is investigated, using the maximum likelihood cointegration analysis of Johansen (1995) .
Secondly, conditional on the presence of cointegration, and on the estimates of a cointegration vector, the non-linearities of the short-run dynamics of the corresponding error correction process are parameterized as LSTAR/ESTAR models and estimated using the complex maximum likelihood procedure set out by Teräsvirta (1994) .
Cointegration analysis and the long-run pass-through
The Johansen trace statistics detect the presence of cointegration between the 3 month Euribor and the non-financial firms loan rate in Germany,
France and the Netherlands (see table 1, panel A).
[Insert table 1 here]
In the case of Greece, Italy and Portugal cointegration holds when to the loan rate and to the Euribor we add the spread between the domestic and German long-term bonds plus a dummy, which accounts for a structural break in the constant term, in the case of Spain and Ireland (see table 1 is the supremum of the Nyblom statistic defined in Hansen and Johansen (1999, p. 315, eq. 20) . stable long-run pass-through relationship being associated with a stochastic regime switching parameterization of the short-run dynamics.
[Insert table 2 here]

ESTAR/LSTAR parameterization of the short-run pass-through
Given the unprecedented turbulence of the time period under examination, the question on non-linearities rises spontaneously to researchers. Conditional on the cointegration analysis set out in the previous section, a test of linearity against the non-linear parameterization of the error correction relationship, equation (3), is then performed adopting the procedure of Luukkonen et al. (1988) .
As a first step, we select the transition variable, , among the following set of candidates:
, monthly change in the long-run lending rate to non-financial corporations, , monthly variation in the spread between the 10 years domestic goverment bond interest rate and the 10 years Bund interest rate, , the monthly average of the daily standard deviation of the 3 month Euribor change, and , the month to month shift in the monthly VXO index divided by 100. As a second step, the transition function is replaced in the error correction relationship (3), by third order Taylor series approximations, and after some algebraic manipulation, the following auxiliary equation is estimated, where , in the case of Spain, Greece, Italy, Ireland, and Portugal, and in the remaining countries of the sample.
The number of lags n in the non-linear error correction model estimated in this section coincides in the case of Germany, France, Spain, Italy and Ireland with the number of lags used in the Johansen cointegration analysis and estimation of the long-run pass-through. In the remaining countries it is arbitrarily set to 3.
We test linearity against LSTAR modeling -for various values of the delay parameter -performing F tests of the null hypothesis :
As can be seen from the statistics set out in the LM-NLT row of table 3, the null is uniformly rejected which justifies the non-linear parameterizations of the short-run pass-through.
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[Insert table 3 here]
In table 3 are set out, for the sake of parsimony, besides the logistic or exponential function parameters, only the short-run pass-through and the error correction coefficients, over the two regimes. The quality of the estimates is here highly satisfactory. The residuals are serially uncorrelated and conditionally homoscedastic, a relevant result given the turbulence of the sample period. In the same way, the Jarque Bera test statistics suggest that the model has captured most of the non-normality of the data, originally detected in table A.1. As a final check of the validity of the specification of our model, we performed likelihood ratio tests of the hypothesis that the non-linear coefficients of the equation (3) estimates are nil. As can be seen from the LR(NL) statistics, set out in the last row of the table, the null is strongly and uniformly rejected.
The short-run pass-through parameters change over the two regimes and interact with the shifts in the error correction coefficient. Coefficient estimates are always rather large. The speed of the transition from one regime to the other is relatively high, which denotes a synchronized reaction of banks to shifts in the transition variable . In the case of Germany and Ireland the speed of adjustment to deviations from the long-run pass-through rises in regime 2, when uncertainty, measured by increases either in , or in , rises above a given threshold. In the estimates of Greece, epicenter of the crisis, the transition variable is the (lagged) change in the loan rate to non-financial corporations . The speed of adjustment accelerates after a sharp drop in , when the transition variable lies below a negative threshold, possibly in a period of turmoil, associated here with regime 1.
In countries that were involved in the sovereign debt crisis, we find an opposite reaction, due probably to the greater intensity of the banks' It should finally be noticed that, with the exception of the Lehman collapse, (which is followed by a large decline in the Euribor and by concomitant regime shifts in the national banking systems), during this long financial crisis domestic banking systems react, by a shift in regime, to stress factors that are not under the ECB's control. This compounds the difficulty of providing a common monetary policy which is adapted to the requirements of each country.
The effectiveness of the pass-through on the real economy
In this section, we try to provide an answer to the question of whether the changes in the long-term interest rate on loans to non-financial firms, estimated according to equation (3), have a relevant impact on the real business cycle. 10 The assumption is that monetary policy, especially after the crisis, is used for counter-cyclical purposes. Thus the relation should have a negative sign since a negative interest rate shift can be associated with a positive shift in real industrial output rate of growth.
We first consider a simple correlation matrix between and , the monthly rate of growth of industrial output. The matrix is computed over the full sample as our estimation accounts for regime changes that could determine changes of weights in the target function between inflation and capacity output.
Our a priori is that if a national banking system filters the monetary policy, adjusting it to the national real cycle and adapting in this way the common monetary policy to idiosyncratic domestic conditions, a negative correlation between and is to be expected. On the contrary, if the national banking system hinders the transfer of monetary impulses from the ECB to the real sector for various exogenous reasons, such as high risk profile of firms due to excessive leverage and/or tougher national supervision (which may discourage bank lending), the correlation should be positive or null.
[Insert table 4 here]
From table 4 we detect a significant real effect of the pass-through only in the case of Germany and France (where, however the correlation is negative and significant only in the case ). The table reports both the results of Spearman rank-order, which accounts for large outliers, and standard Pearson correlations. These findings are corroborated by the variance decomposition in figure 6 , obtained from the estimates of eight , bivariate VAR systems, one for each country. 11 The variance of the time series, which is explained by the estimated changes of the long-term interest rate on loans to non-financial firms , is different from zero only for Germany.
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[Insert figure 6 here]
Conclusion
This paper investigates the pass-through from the money market to the bank long-term interest rate on loans to non-financial corporations for eight EMU countries over the 2003-2013 time period. We find significant differences between the short and the long-run pass-through specifications of the national banking systems.
A positive relationship between the interest rate on loans to non-financial corporations and the spread between domestic and German government bond interest rates is found only in the long-run pass-through of countries that are involved in the European sovereign debt crisis. Indeed, shifts in the spread bring about corresponding changes in banks' cost of funding.
11 The lag order of the bivariate VAR systems used to compute the variance decompositions is selected with the help of Wald lag exclusion tests. They suggest the following orders: 6 lags for Germany, 3 lags for France, the Netherlands, Spain, and Portugal, 4 lags for Ireland and Italy, and 2 lags for Greece.
12 At this point we should dispel the doubt that the ECB is acting only in response to the German real cycle. A correlation analysis among the time series shows that, in many cases, the contemporaneous correlation between the domestic cycle and the German one is positive and significant (a result which also holds using the Spearman index). This corroborates the idea that a significant part of the malfunctioning of the monetary policy transmission, with respect to the counter-cyclical target, is not due to asymmetries in the real cycle but to asymmetries in the reaction function of national banking systems. For the sake of space the correlation table is not reported here but it is available upon request to the corresponding author.
The non-linear short-run processes too are heterogeneous across countries. Various transition variables generate mostly non synchronized regime shifts. In particular, the spread between the domestic and German government bond interest rates plays a crucial (and potentially destabilizing) role in the short-run transmission mechanism in Italy, Spain, Portugal, and the Netherlands. Thus a preemptive management of the spread can be seen as kind of auxiliary monetary policy tool. Its relevance cannot be underestimated.
Our findings identify, both in the short and in the long-run monetary policy transmission, a source of heterogeneity which is largely independent from both central bank decisions and national bank's behavior. This raises the difficulty of implementing a common monetary policy in a fragmented European banking system where "one size cannot fit all". : Hansen and Johansen (1999) parameter constancy test; = . Euribor monthly variation fitted interest rate changes on loans to non financial corporations logistic transition function monthly variation in the spread between domestic and German government bond interest rates Euribor monthly variation fitted interest rate changes on loans to non financial corporations 1-logistic transition function lagged interest rate change on loans to non financial corporations Euribor monthly variation fitted interest rate changes on loans to non financial corporations logistic transition function monthly variation in the spread between domestic and German government bond interest rates : spread between the 10 years domestic government bond interest rate and the 10 years Bund interest rate;
: monthly average of the daily standard deviation of the 3 month Euribor, computed as the square root of the squared daily variations of the Euribor; : monthly VXO index; : monthly rate of change of the industrial production index. *significant at 5% ; ADF: Augmented Dickey Fuller test statistic; LM -LS : Strazicich (2003, 2004) Minimum Lagrange multiplier test statistic.
